IgG4-related kidney disease has been relatively newly recognized over the last two decades as a combination of an autoimmune and allergic disorder, with elevated serum IgG4 level and hypocomplementemia among its characteristic features. Here we report the case of a man with interstitial nephritis presenting with acute kidney injury and hypocomplementemia but normal serum IgG4 level and provide a literature review of IgG4-related kidney disease. This case highlights the importance of IgG4-related kidney disease as an important differential diagnosis in any patient presenting with a clinical syndrome mimicking acute interstitial nephritis with hypocomplementemia. A high index of suspicion with a low threshold for performing a native kidney biopsy would be paramount as patients do respond well to corticosteroid therapy.
Introduction
IgG4-related kidney disease (IgG4-RKD) has been relatively newly recognized over the last two decades as a combination of an autoimmune and allergic disorder, with elevated serum IgG4 level and hypocomplementemia among its characteristic features. We present a case of a man with interstitial nephritis presenting with acute kidney injury, lower urinary tract symptoms, and loss of weight, with hypocomplementemia but normal serum IgG4 levels.
Case Report/Case Presentation
A 66-year-old man of Indian ethnicity presented to our institution for management of acute kidney injury. He first presented to another hospital (A) 4 days prior with lower urinary tract symptoms, upper respiratory tract symptoms, and loss of weight and was found to have acute kidney injury (creatinine 561 μmol/L; last known creatinine of 60 μmol/L a year ago) with hyperkalemia and metabolic acidosis.
The next day, he was transferred to another hospital (B) for a second opinion. In addition to intravenous fluids, he was started on intravenous ceftriaxone. Further investigations were performed to determine the etiology of kidney impairment. Urine protein on dipstick was 1+. Of note, anti-nuclear antibody titer was elevated at 1: . Antibodies against proteinase 3 (anti-PR3) and myeloperoxidase (anti-MPO) were within normal range, and antibodies against double-stranded DNA (anti-dsDNA) were negative. Computed tomography of the kidneys, ureters, and urinary bladder revealed edematous kidneys with bilateral perinephric stranding and faint densities in the collecting system of both kidneys, but no evidence of hydronephrosis, ureteric stones, or obstructive uropathy. There was moderate prostatomegaly.
He was subsequently transferred to our institution for further management of kidney impairment and for consideration of a kidney biopsy.
He has a 20-year history of type 2 diabetes mellitus (HbA1c 6.8%) with bilateral moderate non-proliferative diabetic retinopathy and maculopathy. His medical history also includes hyperlipidemia, right cubital tunnel syndrome, a history of hemorrhagic renal cyst, gastritis, duodenitis, and a bulky left adrenal gland.
Further history revealed that he had noticed frothy urine with anorexia and weight loss of 5 kg over the past 3 months. A review of systems, in particular for rash, arthralgias, myalgias, sicca, and Raynaud's phenomena, was unremarkable. His medication history revealed that he had consumed traditional Chinese medications, co-trimoxazole and non-steroidal antiinflammatory drugs (NSAIDs) in the past month. There was no family history of rheumatic diseases or malignancies. The physical examination was unremarkable.
Initial urinalysis showed mild pyuria (WBC 3/high-power field) and microscopic hematuria (RBC 103/high-power field), with a spot urinary protein-to-creatinine ratio of 163 mg/mmoL (estimated total urinary protein of 1.4 g/day). Screening laboratory tests for viral hepatitis, HIV, and cryoglobulins were negative. There was persistent hypocomplementemia (C3 39 mg/dL; ref.: 85-185 mg/dL; C4 <8 mg/dL; ref.: 10-50 mg/dL).
Subsequently, a native kidney biopsy was performed. The histopathology reports the following: two out of fifteen glomeruli are globally sclerotic, with the rest of the glomeruli within normal limits with no increase in mesangial matrix or cellularity. No endocapillary proliferation or crescent is identified. Glomerular basement membranes appear unremarkable on silver stains. There is approximately 60-70% tubular atrophy or partial tubular atrophy. There is prominent interstitial edema and extensive inflammation composed predominantly of mononuclear or lymphoplasmacytic cells admixed with scattered neutrophils and eosinophils. No granulomas are identified. There is mild hyaline arteriolosclerosis. Immunofluorescence pattern was negative.
Based on the histology, a provisional diagnosis of acute interstitial nephritis with severe interstitial fibrosis and tubular atrophy (IFTA) was made, with co-trimoxazole or NSAIDs being possible drug culprits.
However, in view of the severe hypocomplementemia, a differential diagnosis of IgG4-related tubulointerstitial nephritis was considered. Corticosteroid therapy (prednisolone 1 mg/kg/day) was started for the acute tubulointerstitial nephritis with the underlying differential diagnosis being IgG4-related disease, tubulointerstitial nephritis with uveitis (TINU), systemic lupus erythematosus, or Sjögren's disease.
Special stains for IgG4 show more than 30 IgG4-positive plasma cells per high-power field (Fig. 1a, b ). Fibrosis appears to have a storiform pattern on trichrome stains (Fig. 1c) and the inflammation has a zonal character with one core showing relative un-involvement at one end (Fig. 1d, e) . Of note, there was no obliterative phlebitis.
Serum IgG subclasses returned with a raised total IgG (2,740 mg/dL; ref. Electron microscopy of kidney biopsy tissue was eventually reported, showing prominent flattening of podocytes without evidence of electron dense deposits.
A positron emission tomography (PET) revealed mildly FDG-avid small volume lymphadenopathy above and below the diaphragm, heterogeneous cortical increased FDG uptake within both kidneys, and patchy mildly increased FDG uptake along bilateral upper ribs.
Two weeks after treatment with corticosteroid therapy, there was improvement in his kidney function (Fig. 2) , microscopic hematuria, and proteinuria (estimated total urinary protein of 0.2 g/day, 2 weeks after treatment).
Discussion/Conclusion
IgG4-related disease (IgG4-RD) has been likened to "a black crow flying through the dark night" as it passed through the history of medicine, until the concept of an overarching diagnosis unified conditions once regarded as isolated, single-organ diseases [1, 2] . Elevated IgG4 levels were first linked to autoimmune pancreatitis in 2001 [3] and were subsequently recognized as a systemic condition in 2003 after extrapancreatic manifestations were identified [4] .
IgG4-RKD occurs in 15% of patients with IgG4-RD [5] and include a wide range of manifestations such as tubulointerstitial nephritis, membranous glomerulonephropathy, pyelitis, and hydronephrosis due to retroperitoneal fibrosis [6] .
Two major clinical presentations are recognized -unexplained renal dysfunction and imaging abnormalities. Elevated serum IgG4 level and hypocomplementemia are characteristic features of IgG4-RKD [7, 8] . The key morphologic features of IgG4-RD are a dense lymphoplasmacytic infiltrate that is organized in a storiform pattern, obliterative phlebitis, and a mild-to-moderate eosinophil infiltrate [8] ; usually, more than 10 infiltrating IgG4 and plasma cells per high-power field or at least 40% of the ratio of IgG4 and plasma cells to IgG and plasma cells are employed as the cutoff values [7] .
The patient described in this case report had tubulointerstitial nephritis with a storiform pattern of fibrosis on histology of his kidney biopsy, but without findings of obliterative phlebitis. Interestingly, all subclasses of IgG were elevated with the exception of IgG4. There had been case reports of IgG4-negative IgG4-RD in which patients showed typical clinical, imaging, and histopathological features of IgG4-RD, despite normal serum IgG4 levels and very few IgG4 and plasma cell infiltrates in the affected organs [7, 9, 10] . As such, an elevated serum IgG4 level is strongly supportive, but not a mandatory diagnostic criterion for diagnosis of IgG4-RKD. This is especially so in patients with significant proteinuria, whose serum IgG and IgG4 levels may both be reduced. Compatible histological features supportive of IgG4-RKD are by themselves adequate for diagnosis, irrespective of serum IgG4 levels.
There has also been a study on the prozone phenomenon, a false negative response resulting from high antibody titer which interferes with formation of antigen-antibody, resulting in spuriously low serum IgG4 concentrations in patients with IgG4-RD [11] . Whether IgG4 negativity within such a clinical context suggests a condition that mimics IgG4-RD or is attributable to the prozone phenomenon remains an area for future research. In the case of our patient, the plasma was not diluted prior to measurement of IgG4 levels, and serial IgG4 levels were also not measured in subsequent clinic reviews. At present, there is inadequate evidence for monitoring of serum IgG4 levels as a marker of disease activity, especially in cases where serum IgG4 levels are not elevated to begin with.
A recent study by Wang et al. [12] of a Chinese cohort of patients with biopsy-proven IgG4-RKD also illustrated the rarity of the disease in their study population with only a 0.042% incidence of the disease from 40,429 native kidney biopsy cases from January 2010 to January 2018. They also found that patients with a low C3 had poorer prognosis, likely due to more severe renal fibrosis found in this group in comparison to those with a normal C3 level. This could be pertinent to our patient's expected prognosis as his C3 levels were markedly reduced at presentation as well. The complement levels returned to normal in our patient after 3 months of corticosteroid therapy with a corresponding improvement of the renal function. This certainly brings to question the role complements have in the pathophysiology of IgG4-RKD.
In conclusion, this case report highlights the possibility for the existence of IgG4-RKD even with normal serum IgG4 levels. Despite being a rare disease, IgG4-RKD remains an important differential diagnosis in any patient presenting with a clinical syndrome mimicking acute interstitial nephritis with hypocomplementemia. A high index of suspicion with a low threshold for performing a native kidney biopsy would be paramount in making the appropriate diagnosis (with IgG4 staining) in this case as they do respond well to corticosteroid therapy. A more universal use of IgG4 staining in all kidney biopsies with tubulointerstitial nephritis should be strongly considered given this new and interesting phenomenon. 
